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□ Design 
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0 Original 

□ Divisional 

□ Continuation 

□ Continuation-in-part (CIP) 

2. Benefit of Prior US Applications) (35 USC 120) or foreign priority (35 USC 119) 

o The new application being transmitted claims the benefit of a prior US application. 
0 Foreign priority claimed (see H9) 

3. Papers Enclosed Required For Filing Date Under 37 CFR 1.53(b) (Uti.) or 37 CFR 1.153 (Des.) 

0 Pages of specification (7) 
0 Pages of claims (2) 
0 Pages of Abstract (1) 
0 Sheets of Drawing (1) 
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4, Additional papers enclosed 

□ Preliminary Amendment 

□ Information Disclosure Statement 

□ PTO-1449 

D Citations (none) 

□ Declaration of Biological Deposit 

D Submission of "Sequence Listing," computer-readable copy and/or amendment pertaining thereto 
for biotechnology invention containing nucleotide and/or amino-acid sequence 

□ Authorization of Attorney(s) to accept and follow instructions from Representative 

□ Other 

5. Declaration or Oath 

□ Enclosed 
original executed by 
O Inventor(s) 

□ legal representative of inventor(s). 37 CFR 1,42 or 1.43 

□ joint inventor or person showing a proprietary interest on behalf of inventor who 
refused to sign or could not be reached 

□ this is the petition required by 37 CFR 1.47 and the statement required by 37 
CFR 1.47 is also attached 

0 Not Enclosed 

0 Application is made by a person authorized under 37 CFR 1.41(c) on behalf of all the 
above-named inventor (s). 

□ Showing that the filing is authorized. 

6* Inventorship Statement 

The inventorship for all the claims in this application is: 
0 The same 

□ Not the same. An explanation, including the ownership of the various claims at the time the last 
claimed invention was made 

□ is submitted. 

□ will be submitted. 

7* Language 

0 English 
O non-English 

□ the attached translation is a verified translation. 37 CFR 1.52(d). 
8. Assignment 

0 An assignment of the invention to SOFT IMAGING SYSTEM GMBH 

□ is attached. 
0 will follow. 
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9. Certified Copy 

Certified copies of applications 
Country 
Germany 
Germany 

from which priority is claimed 
□ is(are) attached. 
0 will follow. 



Number 

19704723.8 
19752724.8 



Date 

7 February 1997 
28 November 1997 



10. Fee calculation 

0 A. Utility application 



CLAIMS AS FILED 



No. Filed 



Base No. 



No. Extra 



Rate 



Basic fee 



Total claims 8 
Independent claims 1 
Mult. dep. claims No 



20 
3 
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0 
0 
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$22.00 
$82.00 
$270.00 



$790.00 
$0.00 
$0.00 
$0.00 



□ Amendment canceling extra claims enclosed. 

□ Amendment canceling multiply dependent claims enclosed. 

□ Fee for extra claims is not being paid at this time. 

Filing Fee Calculation $790.00 

□ B. Design application 

($.00-37 CFR 1.16(f)) 

Filing fee calculation $00.00 

□ C. Plant application 

($490.00-37 CFR 1.16(g)) 

Filing fee calculation auu.uu 

11. Small Entity Statement(s) 

□ Verified Statement(s) that this is a filing by a small entity under 37 CFR 1.9 and 
1.27 is(are) attached 

Filing fee calculation (50% of A, B, or C above) 

12. Request for International-Type Search (37 CFR 1.104(d)) 

□ Please prepare an international-type search report for this application at the time 
when national examination on the merits takes place. 
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13* Fee Payment 

Not enclosed. 

0 No filing fee is to be paid at this time. 

□ Enclosed. 

□ basic filing fee $0.00 
o petition fee for filing by other than all the inventors or person 

on behalf of the inventor where inventor refused to sign or 
could not be reached 

$0.00 

□ for processing an application with a specification in a non- 
English language 

$0.00 

Q processing and retention fee $0.00 

□ fee for international-type search report $0.00 
Total fees enclosed $0.00 

14, Method of Payment of Fees 

□ Check in the amount of $0.00 

□ Charge Account 18-2025 for $0.00. A duplicate of this form is attached. 

15, Authorization to Charge Additional Fees 

o The Commissioner is hereby authorized to charge the following additional fees by this paper and 
during the entire pendency of this application to account 18-2025. 

□ 37 CFR 1.16(a), (f), or (g) (filing fees) 

□ 37 CFR 1.16(b), (c), or (d) (extra claims) 

□ 37 CFR 1.16(e) (surcharge for filing the basic filing fee and/or declaration on a date 
later than the filing date of the application) 

□ 37 CFR 1.17 (application processing fees) 

□ 37 CFR 1.18 (issue fee at or before mailing of Notice of Allowance pursuant to 37 CFR 
1.31(b)) 

16, Instructions As To Overpayment 

□ credit account 18-2025 

□ refund 
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14 January 1998 
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CAMERA SYSTEM FOR A TRANSMISSION ELECTRON MICROSCOPE 



SPECIFICATION 

FIELD OF THE INVENTION 

Our present invention relates to a transmission 
electron microscope and, more particularly, to a camera system 
for registering, in optical form, a photon image converted from 
the electron image of the transmission electron microscope (TEM) . 

BACKGROUND OF THE INVENTION 
A transmission electron microscope, in addition to its 
evacuated housing and the electron beam generator thereof, 
includes a system for forming an electron beam image of the 
object, article or material which is subjected to the electron 
beam microscope and for outputting the electron image. In 
addition, the transmission electron microscope can include a 
luminescent screen which can be inserted into the electron beam 
path for transforming the electron image into a photon image, an 
optical element for rerouting the photon image through a right 
angle to the electron beam, and a camera which can be connected 
to the optical element by an optical lens system so that the 
camera can register optically the photon image corresponding to 
the electron image. 
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In a camera system of this type (see United States 
Patent 5,517,033) the optical lens system in the camera are rigid 
with the projection chamber and only the luminescent screen and 
the rerouting optical device need be movable within the 
5 projection chamber. While this does give rise to a very simple 
mechanical system, it has the drawback that positioning of the 
luminescent screen and the rerouting element relative to the lens 
optics and the camera cannot be reproducible to less tan a 
fraction of a millimeter and thus the camera system cannot be 
CCD used for high resolution image formation. 

fi In another camera system for an electron transmission 

S microscope, the luminescent screen is connected with a CCD camera 
2 by a fiber optics system (United States Patent 4,739,399). Here 
yj the luminescent screen, the fiber optics and the CCD camera are 
||5 provided as a single rigid structural unit within the projection 
f" camera and both the luminescent screen and the CCD camera 
cTs directly adjoin the optical fiber ends. The drawback of this 
q system is that the image sensor of the CCD camera must have the 

same size as the luminescent screen and thus is prohibitively 
20 expensive • 

OBJECTS OF THE INVENTION 

It is, therefore, the principal object of the present 
invention to provide a camera system for a transmission electron 
microscope which can produce a high resolution image without the 
25 drawbacks of the earlier systems as outlined above. 
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Another object of the invention is to provide an 
improved camera system for a transmission electron microscope in 
which relative movement between the luminescent screen and the 
optical rerouting element, on the one hand, and the optical lens 
5 system and the camera, on the other hand, is not a problem. 

It is also an object of this invention to provide a 
high resolution camera system for a transmission electron 
microscope which can use a camera, especially a charge-coupled 
device (CCD) camera, of smaller size than the luminescent screen. 



SUMMARY OF THE INVENTION 
These objects and others which will become apparent 
hereinafter by providing in a transmission electron microscope, a 
luminescent screen and rerouting element within the housing of 
the transmission electron microscope, a camera outside the 
15 housing of the transmission electron microscope and a structure 
for rigidly connecting the luminescent screen, the rerouting 
element, the optical lens system and the camera so that these 
elements together with the structure form a unit which is 
shif table relative to the electron beam and to the housing. 
20 According to the invention, high resolution images can 

be obtained because with the system of the invention it is no 
longer necessary to use large format cost- intensive camera 
sensors and there is no loss of resolution because of a lack of 
precision in repositioning the need to precisely position the 
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luminescent screen and rerouting element on the one hand and the 
optical lens system and camera on the other hand. 

It has been found that the system of the invention also 
facilitates variation or selection of the image ratio or scale of 
reproduction and thus optimum matching of the resolution of the 
luminescent screen, which is dependent upon the high voltage 
applied thereto, to the resolution of the camera. Furthermore, 
by the use of an appropriate ancillary lens, the sensitivity can 
be significantly increased. It has been found that, with such 
lens, correction of spherical aberration is possible to eliminate 
spherical aberration effect which may be contributed by the 
optical characteristics of the rerouting element and the vacuum 
window required in the projection chamber wall which is straddled 
by the camera system of the invention. 

A transmission electron microscope of the invention can 
then comprise: 

a housing; 

an electron beam generator on the housing directing an 
electron beam along a transmission electron microscopy path 
within the housing; 

a luminescent screen in the housing transverse to the 
path and insertable in the path for transforming an electron 
image into a photon image; 

an optical element juxtaposed with the luminescent 
screen for rerouting the photon image through a right angle; 
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a camera outside the housing in optical alignment with 
the optical element for registering the photon image; 

a focussing lens optics spaced from the optical element 
and the camera and in optical alignment with the optical element 

5 and the camera; and 

a structure fixing the luminescent screen, the optical 
element, the camera and the focussing lens optics together for 
joint movement relative to the path. Preferably the rerouting 
element is a prism, although a mirror can also be used. The 
fj> camera preferably is a high resolution CCD camera and the 
3 shifting of the unit can be effected by a pneumatic unit acting 
m upon the slide formed by the structure. 

m BRIEF DESCRIPTION OF THE DRAWING 

O The above and other objects, features, and advantages 

■J& will become more readily apparent from the following description, 

reference being made to the accompanying drawing in which: 
5 FIG. 1 is a highly diagrammatic side elevational view 

of a portion of an electron transmission microscope provided with 
the camera system of the invention; 
20 FIG. 2 is a side elevational view in section of a 

detail of the system of FIG. 1; and 

FIG. 3 is a plan view of the camera portion of the 
system seen in FIG. 2, also in section. 
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SPECIFIC DESCRIPTION 
In FIG. 1, a transmission electron microscope is shown 
which has an electron beam 1 in a projection chamber 2 directed 
onto a viewing luminescent screen 3. The electron beam generator 
5 and the balance of the electron microscope has been represented 
at 20 in FIG. 1. The projection chamber is evacuated by a 
suction pump 21 and a camera system 22 can be shif table by a 
pneumatic actuator 23 to slide that unit along a guide 24 and on 
bars 11 relative to the electron beam 1. 
9o More particularly the camera system 22 can comprise a 

0 luminescent screen 4 which can be shifted into the beam or 

1 withdrawn therefrom, below which, a rerouting optical element 5 

2 in the form of a prism is provided. The camera system includes 
^ an optical lens arrangement 6, 7 of the focusing type in optical 
ms alignment with the prism 5 along the optical axis 25, a camera 8 
EI which is preferably a high resolution CCD camera. 

5 The assembly of the luminescent screen 4, the prism 5, 

§ the lens system 6, 7 and the camera 8, is fixed by a rigid 

structure shown at 9, 10, 11 which is shif table by the pneumatic 
20 actuator 23 relative to the housing 2 of the electron microscope. 

In the active position of the camera system, the 
luminescent screen 4 is in the path of the electron beam 1 and 
transforms the electron image into a photon image. The prism 5 
reroutes that photon image at a right angle to the path of the 
25 electron beam 1 and the image is focused in the camera 8 by the 
lens optics 6, 7. 
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The luminescent screen 4, the rerouting element 5 and a 
part 6 of the lens optics, as well as part of the structure 9, 
10, ll, is located within the electron microscope, i.e. within 
the housing 2. The remaining part 7 of the lens optics and the 
5 CCD camera are located outside the electron microscope. The two 
parts of the lens optics are separated by a vacuum window 12 in 
the wall of the evacuated projection chamber the window 12 
passing the optical image to the camera. The bars 11 of the 
structural unit 9, 10, 11 pass slidably through the wall of the 
S) housing 2. The elements connected to these bars include a 
S support 9 for the luminescent screen and the prism, and a support 
3 10 for the camera. 

2 Adjustment of the image ratio can be effected upon the 

^3 original mount of the camera system by appropriate positioning of 
the lens 6 and 7 on the bars 11 or on a housing 26 connected to 
the camera support 10. Spherical aberration is eliminated by the 
selection and design of, said, lens 7. 
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We claim: 

1 1. A transmission electron microscope comprising: 

2 a housing; 

3 an electron beam generator on said housing directing an 

4 electron beam along a transmission electron microscopy path 

5 within said housing? 

6 a luminescent screen in said housing transverse to said 

7 path and insertable in said path for transforming an electron 

8 image into a photon image; 

C$ an optical element juxtaposed with said luminescent 

Iq screen for rerouting said photon image through a right angle; 
jjjl a camera outside said housing in optical alignment with 

j}2 said optical element for registering said photon image; 
J 3 a focussing lens optics spaced from said optical 

J§4 element and said camera and in optical alignment with said 

" f$5 optical element and said camera; and 
g 6 a structure fixing said luminescent screen, said 

J§7 optical element, said camera and said focussing lens optics 

18 together for joint movement relative to said path. 

1 2. The transmission electron microscope defined in 

2 claim 1 wherein said optical element is a prism. 

1 3. The transmission electron microscope defined in 

2 claim 2 wherein said camera is a high resolution CCD camera. 
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1 4. The transmission electron microscope defined in 

2 claim 3 wherein said structure forms a pneumatically actuated 

3 slide. 

1 5. The transmission electron microscope defined in 

2 claim 4 wherein said structure comprises at least two rods 

3 extending through a wall of said housing, said wall being formed 

4 with a vacuum window, said focusing lens optics including lenses 

5 on opposite sides of said window. 

1 6. The transmission electron microscope defined in 

2 claim 1 wherein said camera is a high resolution CCD camera. 

1 7. The transmission electron microscope defined in 

2 claim 1 wherein said structure forms a pneumatically actuated 

3 slide. 

1 8. The transmission electron microscope defined in 

2 claim 1 wherein said structure comprises at least two rods 

3 extending through a wall of said housing, said wall being formed 

4 with a vacuum window, said focusing lens optics including lenses 

5 on opposite sides of said window. 

ge- 
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ABSTRACT OF THE DISCLOSURE 
A camera system for a transmission electron microscope 
includes a luminescent screen and prism within the transmission 
electron microscope evacuated housing and a camera outside the 
5 housing. An optical lens system between the prism and the 

camera can be provided on opposite sides of a wall of the housing 
have a vacuum window. The luminescent screen, prism, optical 
lens system and camera have a common structure fixedly connecting 
O them together and enabling them to shift relative to the electron 
II) beam via a pneumatic effector. 
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